Because informed consent requires discussion of alternative treatments, proper consent for dialysis should incorporate discussion about other renal replacement options including kidney transplantation (KT). Accordingly, dialysis providers are required to indicate KT provision of information (KTPI) on CMS Form-2728; however, provider-reported KTPI does not necessarily imply adequate provision of information. Furthermore, the effect of KTPI on pursuit of KT remains unclear. We compared providerreported KTPI (Form-2728) with patient-reported KTPI (in-person survey of whether a nephrologist or dialysis staff had discussed KT) in a prospective ancillary study of 388 hemodialysis initiates. KTPI was reported by both patient and provider for 56.2% of participants, by provider only for 27.8%, by patient only for 8.3%, and by neither for 7.7%. Among participants with provider-reported KTPI, older age was associated with lack of patient-reported KTPI. Linkage with the Scientific Registry for Transplant Recipients showed that 20.9% of participants were subsequently listed for KT. Patient-reported KTPI was independently associated with a 2.95-fold (95% confidence interval [95% CI], 1.54 to 5.66; P=0.001) higher likelihood of KT listing, whereas provider-reported KTPI was not associated with listing (hazard ratio, 1.18; 95% CI, 0.60 to 2.32; P=0.62). Our findings suggest that patient perception of KTPI is more important for KT listing than provider-reported KTPI. Patient-reported and provider-reported KTPI should be collected for quality assessment in dialysis centers because factors associated with discordance between these metrics might inform interventions to improve this process.
The informed consent process for any medical intervention requires a discussion of risks and benefits of the chosen treatment as well as alternative treatment options, their risks and benefits, and a rationale for selecting the chosen treatment. 1, 2 For patients with ESRD, the informed consent process for initiating hemodialysis should include a discussion of kidney transplantation (KT) as an alternative, regardless of patient age or appropriateness for this treatment option. If the patient is too old or is otherwise at high risk for transplantation, this should be explained to the patient during the informed consent discussion. 3 This principle of informed consent is reflected in the US Centers for Medicare and Medicaid Services requirement for providers to document on Form-2728 within 45 days of dialysis initiation either KT provision of information (KTPI) or a reason for not giving information. 4 During the first 2 years in which KTPI questions were included, only approximately 70% of incident patients with ESRD were reported by their provider to be informed at the time of Form-2728 filing. 5 Thus far, studies of KTPI have been limited to those of provider report 5 ; however, even when KTPI is reported by the provider, whether adequate provision of information has been delivered to the patient and whether the patient perceives the information to have been delivered remain unknown. For example, in some clinical care and clinical research settings, providers have reported obtaining informed consent only for legal protection rather than patient understanding. 6, 7 Although studies of patient knowledge after provision of medical information have shown that patient characteristics, such as age, race, or education, might affect patient understanding, 8 no studies have investigated patient perceptions of KTPI or factors associated with discordance between patient-reported and provider-reported KTPI.
The relationships between patient-reported KTPI, providerreported KTPI, and steps in the process to KTaccess also remain unknown. Although various possible steps could be assessed, intermediate steps (e.g., referral and evaluation) require continued active participation from both the nephrologist and patient, and this continued engagement could be affected by KTPI as well. Because KT listing represents the final step in this process, it represents all steps of participation beginning with KTPI. Furthermore, because listing requires mandated reporting, whereas evaluation is not reliably captured, listing provides a more robust outcome. Given the potential for patient and provider discordance in KTPI, and the importance of patient knowledge in the shared decision-making process regarding KT, we explored the relationship between patient-and provider-reported KTPI. Furthermore, we explored patient characteristics associated with concordance or discordance. Finally, we estimated associations between KTPI and subsequent listing for KT.
RESULTS

Study Population
Of 388 participants who had recently initiated hemodialysis, the average age was 56.3 years (SD 13.9), 27.3% were aged$65 years, 45.4% were women, 67.5% were African American, 47.5% had seen a nephrologist for $12 months before dialysis initiation, and 20.9% were ultimately listed for KT. The median time on dialysis at enrollment was 2.1 months (interquartile range, 1.4-3.1) ( Table 1 ). All participants were followed for the duration of the study, which had a median follow-up time of 2.2 years (interquartile range, 1.6-3.1).
Provision of Information about KT
Providers reported KTPI in 84.0% of the participants, whereas only 64.4% of participants reported receiving it. KTPI was reported concordantly by both patient and provider in 56.2% of participants, concordantly by neither in 7.7%, discordantly by provider only in 27.8%, and discordantly by patient only in 8.3% (Table 2 ). The agreement between patient and provider was only slightly better than what would be expected by chance alone (63.9% observed agreement versus 59.8% expected agreement, k=0.10).
Patient-Provider Discordance in Provision of
Information about KT Older age was independently associated with discordant provider-only report of KTPI (i.e., for a given patient, the provider reported providing information but the patient reported no information was given). After adjusting for sex, race, education level, number of comorbidities, body mass index (BMI), current smoking, and seeing a nephrologist for Table 3) .
Provision of Information about KT and Listing
Of participants who were uninformed about KT according to both patient and provider, only 3.3% were listed for KT within 1 year of dialysis initiation. Likewise, of those who were informed according to the provider only, 1.9% were listed within 1 year of dialysis initiation. By contrast, of those receiving KTPI according to the patient only or according to both patient and provider, 17.3% and 15.4% were listed for KT within 1 year of dialysis initiation, respectively. With longer follow-up, this difference remained ( Figure 1 ). For example, at 2 years, 7.2%, 7.8%, 24.5%, and 26.5% were listed among those with neither, provider-only KTPI, patient-only KTPI, and both patient and provider KTPI, respectively. Although two participants were marked as medically unfit by their provider, neither had patient-nor provider-reported KTPI, and neither was listed for KT.
Patient-reported KTPI was independently predictive of KT listing. Irrespective of provider-reported KTPI, and after adjusting for age, sex, race, number of comorbidities, BMI, smoking status, and time between first seeing a nephrologist and dialysis initiation, patient-reported KTPI was associated with 2.95-fold (95% CI, 1.54 to 5.66; P=0.001) higher likelihood of being listed for KT. By contrast, provider report was not associated with listing (adjusted hazard ratio [aHR], 1.18; 95% CI, 0.60 to 2.32; P=0.62), even in adjusted models that excluded patientreported KTPI (aHR, 1.22; 95% CI, 0.62 to 2.40; P=0.56). Estimates were consistent in fully adjusted and parsimonious models (Table 4) . In a sensitivity analysis in which the discordant patient-only group was excluded, inferences were consistent. Patient-reported KTPI was associated with 3.07-fold (95% CI, 1.51 to 6.25; P=0.002) higher likelihood of being listed for KT, whereas provider report was not associated with listing (aHR, 1.01; 95% CI, 0.22 to 4.76; P=0.99). Similarly, in a sensitivity analysis in which those who participated in the survey before Data are presented as the RR (95% CI). RRs and 95% CIs were modeled using modified Poisson regression. Age was modeled as a continuous variable using a linear spline term with a knot at age 65 years, and the risk was modeled per 5-year increase in age.
Form-2728 filing were excluded, patient-reported KTPI was associated with 3.25-fold (95% CI, 1.64 to 6.43; P=0.001) higher likelihood of being listed for KT, whereas provider report was not associated with listing (aHR, 1.13; 95% CI, 0.57 to 2.22; P=0.73). Finally, although rates of death were nondifferential across the groups being compared, we performed a sensitivity analysis using death as a competing risk and found no change in inference; patient-reported KTPI was associated with 3.08-fold (95% CI, 1.66 to 5.69; P,0.001) higher likelihood of being listed for KT, whereas provider report was not associated with listing (aHR, 1.20; 95% CI, 0.61 to 2.35; P=0.53).
DISCUSSION
In this multicenter prospective cohort study of 388 patients who had recently initiated hemodialysis, only two thirds of participants whose nephrologist reported providing KT information confirmed receiving this information. Furthermore, only patient-reported KTPI was independently predictive of subsequent listing: participants were 2.95-fold more likely to be listed for KT if the participant reported receiving KT information from a nephrologist or dialysis staff, but no association was seen with provider-reported KTPI.
With only 64.4% of participants indicating that a nephrologist or dialysis staff had discussed KT with them, our study is consistent with the many other studies suggesting that knowledge of RRTs among patients with ESRD remains suboptimal. 9, 10 Discordance in our study population ranged from 25% to 50% (depending mostly on patient age), which is consistent with poor recall of treatment details, risks, and benefits conveyed during the informed consent process among patients undergoing medical procedures 11 as well as healthy controls in clinical trials. 12 In addition, our finding that older adults (despite excluding those with dementia) were less likely to report receiving KTPI even when they were informed according to their provider is consistent with the documented age disparity in referral and access to KT. 5, [13] [14] [15] [16] In other words, older age is consistently associated with lack of access in all steps in the process to KT from provision of information to transplantation. Finally, whereas other studies have shown that provider-reported KTPI is associated with listing, 5 our study suggests a novel mechanism in which patient perception of KTPI is actually what drives the association between KTPI and listing.
The exact mechanism for patient-only discordance among 8.3% of participants remains unclear. Nevertheless, this discordance is likely the result of Form-2728 filing before survey administration for these participants. Whereas Form-2728 must be filed within 45 days of dialysis initiation, the survey was administered within 6 months of dialysis initiation; therefore, some participants may have had an opportunity to receive KTPI between Form-2728 filing and survey administration. In fact, all but one participant with patient-only reported KTPI had Form-2728 filed before survey administration, and none of these participants were indicated as medically unfit or unsuitable on Form-2728 as a reason for lack of KTPI. This temporal difference, however, does not explain the 27.8% of participants with discordant provider-only KTPI, because Form-2728 also was filed before survey administration for these participants. Among the 326 participants who were informed according to their provider, Figure 1 . Listing for KT, by patient and provider report of provision of information. Estimated cumulative incidence of listing for KT by provider or patient report of provision of information. Curves are estimated using the Kaplan-Meier method. The log-rank test for difference by provision of information and the log-rank test for trend across age groups are statistically significant (P,0.001). Entry (time zero) is the date of dialysis initiation. Participants are censored at time of listing for KT, death, or end of study. only 37.7%, 17.5%, and 11.7% of participants reported KTPI by both nephrologist and dialysis staff, nephrologist only, and dialysis staff only, respectively. This study has several other limitations. First, patientreported KTPI was only captured at study entry and providerreported KTPI was only captured at Form-2728 filing. However, Form-2728 was filed before survey administration for 94% of participants, giving the providers maximum opportunity to provide information before the patient was asked about this provision. Second, we did not capture referral or evaluation for KT, two intermediate outcomes between KTPI and listing; as such, we cannot be certain if a patient was not listed because they were not referred, or if they were not listed because they failed evaluation. However, bias would be expected only if provider-and patient-reported KTPI differentially affected referral, evaluation, and, ultimately, listing, and this differential effect is unlikely. Third, information about the provider was not collected, so associations with provider characteristics could not be determined. Finally, African Americans were over-represented in our study population compared with those initiating dialysis in the United States (67.5% versus 28% 17 ). However, this difference would only bias our inferences if race modified the relationship between age and KTPI or between KTPI and listing. Because no interactions with race were identified, we feel confident that the over-representation of African Americans was unlikely to have affected our inferences; in fact, this over-representation might actually be advantageous in terms of statistical power to have detected such interactions.
This study also has several strengths. The novel collection of both patient and provider report of KTPI for the same patient allowed ascertainment of discordance between these constructs, which to our knowledge has not been previously studied. In addition, linkage to the national registry of patients who are waitlisted for transplantation enabled us to validate these constructs (i.e., to determine correlation between patient and/or provider report of KTPI and a clinically relevant outcome). Furthermore, the high prevalence of African American participants enabled us to evaluate disparities by race. Finally, by using an incident sampling method, prevalence sampling bias was minimized. 18 Thus, our inferences are more likely to be generalizable to the total population of patients with ESRD rather than to a select group of survivors.
In conclusion, discordance between patient and provider report of KTPI was high, and only patient report of KTPI was predictive of listing. Whether KTPI was documented when information was not actually provided, whether information was provided but patients did not recall receiving it, or whether providers and patients disagree on what constitutes adequate KTPI remains unknown. Regardless, because patient perception of KTPI appears to be most important for listing, patient report might be a valuable litmus test of the quality of a provider's KTPI. Empowering all patients to make informed treatment choices through informed consent and shared decision-making processes is the standard of care. 19 Thus, exploration of better ways of informing patients about KT, particularly older adults, is needed, especially as indications for transplantation expand [20] [21] [22] and survival and quality of life improve after transplantation. [23] [24] [25] [26] [27] Finally, interventions to improve information disclosure and patient-provider communication may be useful in discussion of transplantation with patients initiating hemodialysis, because these have shown benefit in patient comprehension of treatment options, risks, and benefits in other clinical settings. 8 
CONCISE METHODS
Study Population
This was a prospective cohort study of 388 patients initiating hemodialysis within the prior 6 months at 26 for-profit outpatient dialysis centers in Baltimore and 6 surrounding counties in Maryland. Participants completed in-person staff-administered surveys between January 2009 and March 2012 (ancillary study to the Predictors in Arrhythmic Cardiovascular Events study [R01-DK072367]). The parent study was designed to study sudden unexpected cardiacdeath in an incidentdialysis population with eligibility criteria including age$18 years and English speaking and strict exclusion criteria including living in a hospice, nursing facility, or prison; having a pacemaker or automatic implantable cardioverter defibrillator; or having cancer other than nonmelanoma skin cancer within the prior year. The parent study visits included exposure to ionizing radiation so those who were pregnant or breastfeeding were also excluded. Those who were unable to complete consent or follow through on a study visit and those with a diagnosis of dementia, Alzheimer's disease, or schizophrenia were also excluded, although participants with some mild cognitive deficits may have participated. Of eligible, screened potential participants for the parent study, 59% were enrolled. The ancillary study also excluded individuals who were HIV infected and those who had a diagnosis of cancer other than nonmelanoma skin cancer within the prior 5 years, because these are relative contraindications to transplantation, as well as individuals who were preemptively listed for KT (i.e., listed before initiation of dialysis), because they had already achieved the outcome of listing for transplantation. Participants who were missing Form-2728 were also excluded (n=4). All participants provided informed consent. The Johns Hopkins University Institutional Review Board approved all study procedures.
Participant Characteristics
Demographics (age, sex, race, education, employment, household size, and income), alcohol use, and time between first seeing a nephrologist and dialysis initiation were obtained through participant self-report. Current smoking was assessed using by self-reported data augmented with data from Form-2728. BMI was calculated from selfreported height and weight. The number of comorbidities was assessed using self-reported medical history and augmented with data from Form-2728. Comorbidities included hypertension, diabetes, heart failure, atherosclerotic disease, cardiovascular disease, cerebrovascular disease, peripheral vascular disease, asthma/chronic obstructive pulmonary disease, hepatitis C or hepatitis B infections, and history of cancer excluding nonmelanoma skin cancers 5 to 10 years before study entry. Time on dialysis was obtained from Form-2728.
Provision of Information about KT
KTPI was assessed in two ways: provider-reported KTPI and patientreported KTPI. Specifically, copies of Form-2728 were obtained from participants' medical records to determine whether the provider reported informing patients. Participants were asked two dichotomous (yes/no) questions as to whether a nephrologist or dialysis staff had discussed KT with them; participant report of discussion with a nephrologist only, dialysis staff only, or both was considered as patientreported KTPI.
Patient-Provider Discordance in Provision of Information about KT
The relationship between patient and provider report of KTPI was assessed, and a k statistic was calculated. Univariate and multivariable linear models using modified Poisson regression 28, 29 were used to estimate the RRs of discordant provider-only KTPI and were limited to only participants who were informed according to Form-2728. Two models were fit to ensure that inferences were not sensitive to covariate selection: one based on statistical significance or a priori biologic rationale and one empirically reflecting optimal parsimony by minimizing the Akaike information criterion. The best functional form of age was determined empirically to be continuous with a linear spline at age 65 years for univariate and multivariable models of the RR of provider-only KTPI.
Listing for KT
This study used data from the Scientific Registry for Transplantation (SRTR). The SRTR data system includes data on all donors, waitlisted candidates, and transplant recipients in the United States, submitted by members of the Organ Procurement and Transplantation Network. The US Department of Health and Human Services Health Resources and Services Administration provides oversight to the activities of the Organ Procurement and Transplantation Network and SRTR contractors. Study participant data were linked to SRTR data for KT listing date. No participants received a living donor KT before listing. The associations between KTPI and subsequent listing for KT were estimated using Cox models. Proportional hazards assumptions were assessed by visual inspection of complimentary log-log plots. Participants entered the study at date of dialysis initiation and were censored at listing date, date of death, or last available SRTR date for listing (June 30, 2013). Two models were fit to ensure that inferences were not sensitive to covariate selection: one based on statistical significance or a priori biologic rationale and one empirically reflecting optimal parsimony by minimizing the Akaike information criterion.
Statistical Analyses
All analyses were performed using STATA 12.1/SE software (College Station, TX).
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